A new, high gradient insulator technology has been developed for accelerator systems. The concept involves the use of alternating layers of conductors and insulators with periods of order 1 mm or less. These structures perform many times better (about 1.5 to 4 times higher breakdown electric field) than conventional insulators in long pulse, short pulse, and alternating polarity applications.
I. INTRODUCTION
It is experimentally observed that insulators composed of finely spaced alternating layers of dielectric (<lmm) and thin metal sheets have substantially greater vacuum surface flashover capability than insulators made from a single uniform substrate [l] . In the previous work we showed these structures to sustain electric fields 1.5 to 4 times that of a similar conventional single substrate insulator [2] . We also previously reported on the capability of these structures under various pulse conditions and in the presence of a cathode and electron beam. Further, we have explored the properties of these structures in the context of switching applications, investigating their behavior under high-fluence photon bombardment [3] and the effect on RF modes [4, 5] . Here we describe our on-going studies on the degradation of the breakdown electric field resulting from alternate fabrication techniques, the effect of gas pressure, the effect of the insulator-to-electrode interface gap spacing and on initial testing that subjects the insulator to bi-polar pulses.
A high-gradient insulator consists of a series of very thin (< 1 mm) stacked laminations interleaved with conductive planes.
This insulator technology was originally conceived and disclosed by Eoin Gray in the early 1980's [6] and resulted from experimental observations that the threshold electric field for surface flashover increases with deceased insulator length [7, 8] .
Some understanding of the increased breakdown threshold of these structures may be realized from the basic model of surface flashover. A simplified vacuum surface breakdown model suggests that electrons 0-7803-4376-XI98 /$10.000 1998 FEE originating from the cathode-insulator junction are responsible for initiating the failure [9] . When these electrons are intercepted by the insulator, additional electrons, based on the secondary emission coefficient of the surface, are liberated. This effect leaves a net positive charge on the insulator surface, attracting more electrons and leading to escalation of the effect or SEEA breakdown .
It has been shown that full evolution of the discharge occurs within 0.5"
[lo]. Thus, placing slightly protruding metallic structures at an equivalent interval is believed to interrupt the SEEA process and allow the insulator to achieve higher gradients before failure. Alternate modifications to this explanation include the effects of insulator shielding and equilibration of the induced surface charge. As a result, electron impact on the surface is modified. Or, alternately, by separation of the insulator into N-1 additional decoupled sub-structures, a local breakdown on the insulator cannot propagate to the remainder of the structure.
In this paper we describe our on-going work in which we have performed additional studies on the effect of various fabrication techniques, the effect of gas pressure, the effect of the insulator-to-electrode interface spacing, and on initial testing which subjects the insulator to bipolar stress.
IT. APARATUS
Small sample testing (approximately 2.5cm diameter by 0.5cm thick) was performed in a turbo-molecular pumped, stainless-steel chamber at approximately 10"T. High voltage was developed with a 1OJ "mini-Marx".
The Marx developed a pulsed voltage of approximately 1 to lops (base-to-base) and up to 250kV amplitude across the sample. Diagnostics consisted of an electric field sensor and a current viewing resistor. Failure of the insulator was determined by a prompt increase in Marx current and a prompt collapse in the voltage across the sample.
Several small sample insulators were fabricated by interleaving layers of 0.25" fused silica, formed by depositing gold on each planar insulator surface by a sputtering technique and then bonding. Bond strength between the gold layer and substrate using this technique was measured to exceed lokpsi. Alternate samples were also fabricated from lexan and other polymer materials. To perform the breakdown experiments, the structure was slightly compressed between highly polished bare aluminum electrodes that establish the electric field for the tests.
After a short conditioning phase, we applied up to 150 to 200 shots to a given structure and attempted to determine if any damage to the structure occurred that significantly altered the breakdown characteristics. At these applied energies, we generally did not observe any degradation. These data were then reduced to reliability plots by determining the total number of successful shots over the total number of applied shots. In these data we define the electric field as the applied voltage divided by the total insulator length. We define reliability at a given electric field as the total number of successful shots over the total number of shots.
RESULTS
We observed flashover of the small samples at approximately 175kV/cm for the fused silica substrates ( fig. 1 ). The effect of pulse width from 1 to lops on this breakdown threshold was well within the statistical nature of our data.
The trend in conventional insulator technology ( fig. 2) for 0"-insulators indicates a threshold of approximately 5OkV/cm. Thus, a net increase in the performance over conventional technology was a factor of approximately 3.5. A finish grinding operation was generally performed on the outside diameter. Since this process is timeconsuming, an alternate fabrication means was pursued. To simplify fabrication, we attempted an ultrasonic machining process. Although it was possible to fabricate the part in a single operation, the surface was left slightly rougher.
Comparison with these samples showed significantly more scatter and a slightly decreased breakdown threshold of 25% ( fig. 3) .
The structures were also subjected to increased pressures to determine susceptibility to breakdown (fig.  4) . In these data a fixed reliability was established at the various pressures. All data was then normalized to a mean breakdown electric field.
Susceptibility to breakdown stays relatively constant up to about the 1O'T range, at which point, the field at which breakdown occurs decreases rapidly. Also shown are data from previous work by Smith [ll] . It appears that the new structures show a lower breakdown electric field threshold than that of the previous data at these elevated pressures. Any insulator not in full contact with the electrode surface will show a higher susceptibility to breakdown and lower reliability at a given electric field. This effect results from the enhanced electric field that occurs between the insulator/electrode interface gap.
To investigate this effect with these new structures, shims were placed between the cathode electrode and insulator, and the reliability at a given electric field were determined. This data, normalized to the configuration where the insulator was flush with the electrode, is shown figure 5. In these tests, we observed the reduction in the capability of the insulator to be strongly reduced from about 90% of full capability for a 12-pm interface gap to less than 60% for a 125-pm interface gap. the Marx generator to undergo un-damped oscillation (~~=500ns). This technique would subject the insulator structures to approximately 10 fully reversing pulses. Results are shown in figure 6 . Comparison with previous data, scaled to area, shows a strong dependence on the insulator period. Increased performance over conventional technology (Rexolite, 0") was exceeded by a factor of 4.
IV. SUMMARY
We are developing a high gradient insulator technology for accelerator systems which consists of 104 IO* 104 10-3 IO" IO-' 100 101 alternating layers of conductors and insulators with periods of order 1 mm or less. These structures perform many times better (about 1.5 to 4 times higher breakdown electric field) than conventional insulators in long pulse, short pulse, and alternating polarity applications. 
